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Introduction
Renal infarction (RI) is caused by sudden disruption of blood flow in the renal arteries, and rapid diagnosis and treatment is critical to prevent permanent loss of renal function. However, clinical diagnosis of RI is often difficult and frequently missed or delayed because of its low prevalence and nonspecific symptoms such as abdominal or flank pain, which are frequently found in other more common conditions such as nephrolithiasis and pyelonephri-tis. To make an accurate diagnosis of RI, it is essential to raise a suspicion for this condition from a thorough patient medical history and to proceed with an optimal diagnostic workup [1] .
The 2 major causes of RI are systemic arterial thromboembolism, which usually originates from a thrombus in the heart or aorta, and in situ thrombus formation following injury of the renal artery, such as renal artery dissection [1] . After ruling out in situ thrombus formation, disclosure of the pathogenesis of thrombosis and detection of thrombus is necessary to provide appropriate treatment. Previous reports suggest that the majority of RIs occurs in patient with atrial fibrillation [2] . However, in recent reports, RIs caused by atrial fibrillation decreased to 18-37%, while cases without known detectable cause increased to 13-30% [2] [3] [4] . Therefore, it is important to look for previously unrecognized etiologies of RI to make accurate causal diagnoses.
In this report, we present a case of RI with thrombus formation in the stump (a blindended vessel) of the left superior pulmonary vein shortly after lung resection. We also reviewed the relevant literature, which may be indicative of a causal relationship between RI and pulmonary vein thrombosis.
Case Report
A 43-year-old male ex-smoker, without concomitant conditions, was diagnosed with adenocarcinoma and underwent a formal left upper lobectomy in combination with mediastinal lymph node sampling ( fig. 1a) . The procedure was uncomplicated, but the patient received pleural adhesion therapy for the treatment of prolonged postoperative air leaks. Following pleural adhesion, the postoperative period was uneventful. The patient was discharged on the 13th postoperative day.
The day after discharge, the patient presented to our emergency department with complaints of a sudden onset of severe flank pain located at the lower side of the left hemithorax. Body temperature was 39.4°C. Laboratory data showed an elevation of white blood cells (10,000 cells/m 2 ), serum lactate dehydrogenase (778 U/l), creatinine (0.82 mg/dl; 0.63 mg/dl before discharge), C-reactive protein (7.75 mg/dl), and plasma D-dimer (9.18 µg/ml). The urine was negative for occult blood. Contrast-enhanced computed tomography (CT) of the abdomen revealed a large wedge-shaped infarction of the left kidney ( fig. 1b) . The wellknown causes of RI such as left atrial thrombus, (paroxysmal) atrial fibrillation, aortic plaque, renal artery stenosis or dissection, and deep vein thrombosis with right-to-left shunt were not identified by evaluations including transthoracic echocardiogram, ambulatory electrocardiography, renal artery CT angiography, and lower limbs venous ultrasonography. In addition, his laboratory evaluation for inherited and acquired hypercoagulable states, such as protein C or protein S deficiencies and antiphospholipid antibody syndrome, were negative.
These results were consistent with idiopathic RI. However, because the onset was shortly after lung resection, an explorative contrast-enhanced CT scan of the chest was performed. The CT scan revealed thrombus in the stump of the left superior pulmonary vein ( fig. 1c, d ). Anticoagulation therapy was initiated with continuous intravenous heparin injection (10,000 units per day) and followed by warfarin therapy to maintain control of PT-INR between 1.5 and 2.0. Laboratory findings worsened over the following 3 days (lactate dehydrogenase 1,530 U/l; creatinine 0.95 mg/dl) but then gradually returned to normal. Under anticoagulation therapy, renal functions partially recovered (creatinine 0.75 mg/dl) within 1 month, and the pulmonary vein thrombosis resolved within 2 months with no additional peripheral infarction ( fig. 1e ). After cessation of anticoagulation therapy, there was no recurrence of pulmonary vein thrombosis throughout the follow-up period.
Discussion
We described an unusual case of RI that occurred 14 days after lung resection. After an extended evaluation, a thrombus was detected in the stump of the left superior pulmonary vein. Because none of the known causes of RI were detectable in our patient, thromboembolic RI caused by a pulmonary vein thrombosis was strongly suspected.
According to the literature, risk factors of thromboembolic RI, other than atrial fibrillation, include valvular or ischemic heart disease, endocarditis, hypercoagulation disorders, and hematological diseases [1] . Because thromboembolic RIs are arterial vascular events, detection of thrombus begins with transthoracic echocardiogram to disclose intra-atrial thrombus. Subsequently, the presence of a thrombus at the atherosclerotic and/or aneurysmatic aorta is examined in usual causal diagnosis workup. However, origins of thromboembolism are not limited to systemic arterial circulation. For example, in cases with atrial septal defects or patent foramen ovale, venous thrombus may transverse from the venous system to the systemic arterial circulation to cause thromboembolic RI [5] . Another exception is the pulmonary vein, which carries arterial blood to the left atrium. After major lung resection, a stump of the pulmonary vein is created, and a thrombus generated in the stump may easily enter the systemic circulation and cause thromboembolic RI.
To the best of our knowledge, only 5 cases of RI following lung resections have been reported [6] [7] [8] [9] [10] (table 1) and none of these cases had detectable well-known causes of RI. One patient, who suffered from RI 13 months after surgery, had a graphically confirmed pulmonary vein thrombosis similar to our case [7] . The remaining 4 patients who had RI in the early postoperative period [6, [8] [9] [10] were diagnosed as idiopathic RI, which may be correlated with the postoperative [6, 10] and/or paraneoplastic [8] [9] [10] hypercoagulable state. However, the co-existence of thrombus in the pulmonary vein was not examined in 3 cases [6, 8, 10] and not mentioned in 1 case [9] because pulmonary vein thrombosis have not been previously described as risk factors for RI.
There were 5 other reported cases with peripheral embolic events other than RI after lung resection with graphically detectable pulmonary vein thrombosis [11] [12] [13] [14] [15] (table 2) . Assessing similarities between these cases, RI occurred after left upper lobectomy in all cases [6] [7] [8] [9] [10] , and all thrombi were detected in the left superior pulmonary vein [7, [11] [12] [13] [14] [15] . Based on this similarity, we speculate that pulmonary vein thrombosis after left upper lobectomy is an unrecognized risk factor for thromboembolic RI.
Thrombus in the stump of the pulmonary vein has rarely been reported and has been thought to be a very rare phenomenon until the past few years [16] . However, Nagaoka et al. [7] reported that 2 of 31 patients developed a thrombus in the stump of the pulmonary vein after lung resection. In addition, Ohtaka et al. [16] reported that 7 of 193 patients had thrombus after lung resection, all of which were detected in cases with left upper lobectomy. From these reports, pulmonary vein thrombosis seems to be a more frequent complication following lung resection than recognized previously. In contrast, there are a few reports suggesting a relationship between pulmonary vein thrombosis and peripheral infarction. This might be because the pulmonary vein stump is usually not examined as a potential origin of thromboembolism, and therefore, this relationship might be underdiagnosed.
In our patient and 1 previously reported RI case with successful detection of pulmonary vein thrombosis, anticoagulation therapy was indicated to treat RI and to prevent further embolic episodes [5] . In both cases, anticoagulation therapy successfully dissolved the pulmonary vein thrombus and prevented new embolic episodes. However, the optimal duration of anticoagulation therapy and the risk of the reformation of a thrombus after cessation of anticoagulation therapy are not well defined. Because there are so few reported cases, further investigation of the optimal treatment of these conditions is necessary.
In summary, we encountered an unusual case of RI, which was likely caused by pulmonary vein thrombosis following left upper lobectomy. In addition, the occurrence of thrombus formation in the stump of the left superior pulmonary vein is more frequent than presumed previously. Therefore, a history of left upper lobectomy should be considered as a potential risk factor for RI, and pulmonary vein thrombosis needs to be regarded as an origin of thromboembolism to make an accurate causal diagnosis of RI.
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